Quartz as an Insulator by Boys, C. V.
This content has been downloaded from IOPscience. Please scroll down to see the full text.
Download details:
IP Address: 128.119.168.112
This content was downloaded on 03/10/2015 at 18:33
Please note that terms and conditions apply.
Quartz as an Insulator
View the table of contents for this issue, or go to the journal homepage for more
1888 Proc. Phys. Soc. London 10 128
(http://iopscience.iop.org/1478-7814/10/1/321)
Home Search Collections Journals About Contact us My IOPscience
128 MR. c. v. BOYS ON QUARTZ AS AN INSULATOB. 
Prof. S. P. Thompson mentioned some experiments on 
which he was engaged by which he hoped to show electric 
displacement in continuous dielectric oircuits, such as a hank 
of gutta-percha. Up to the present the experiments had not 
been successful, owing to his inability to place the two 
gramme ring-coils used into such relative positions as to give 
silence in the telephone connected with the coil used as 
secondary, when currents were sent through the primary. 
Prof. Ayrton suggested that Dr. Thompson's difficulty may 
arise from the fact that such rings do produce considerable 
external field even when carefully wound. 
Prof. Fitzgerald requested Dr. Thompson to investigate 
the effects of displacement-currents and' of changing vector- 
potential, and pointed out that in a single medium the former 
can produce no magnetic effect. As regards fields containing 
different media, he said the calculations would be complicated 
by the spurious charges OR the separating surfaces. 
Dr. Lodge, in reply, said he had calculated the momentum 
to be expected in one arrangement of his experiment in which 
a suspended aluminium cylinder surrounds one limb of a 
rectangular magnetic circuit which formed the core of an 
induction-coil ; one end of the secondary was put to the core 
and the other to the cylinder, thus forming a condenser. The 
result came out about dyne second, but he could not say 
whether such a small quantity was observable. 
XX. Quurtz a8 an htsulator. By C. V. BOYS, A.R.S.M., 
F.R.S., Assistant Pvofessor of Physics at the Nomiat? Sclwol 
of Science, South Kensington*. 
[Plate 11.2 
WHEN making quartz threads by the bow-and-arrow pro- 
cess described in the Philosophical Magazine, June 1887 
(Proc. Pbys. Soc. vol. ix. pp. 8-19), I have sometimes noticed 
that the thread doe8 not reach all the way from the arrow 
to the bow, but that the end remains suspended in mid air 
soniewhere between. When this is the case the last foot 
about, then very fine, is usually in the form of an irregular 
helix. Under these circumstances, if the hand is brought 
at all near the end the helix stretches itself out, and the end 
#I Read April 13,1889. 
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of the thread flies to and attaches itself to the hand. On 
removing the hand the thread takes its old form; and this may 
be repeated several times. , 
It did not seem'possible to account for this in any way 
except by supposing the thread to be electrified, though why 
it should be electrified is not clear. If this is the caae then 
the insulating-power of the thread must be very great, for 
with the very small quantity of electricity which could remain 
on a body of such immeasurably small capacity, all trace of 
charge would escape instantly if the thread insulated no better 
than glass in  the open air. 
I therefore thought it would be interesting to see if rods of 
fused quartz showed any great superiority over similar rods 
of glass under the same circumstances. The plan that I have 
followed has been to hang a pair of very narrow gold leaves 
from the rod under examination, and observe the rate at  
which they closed after being charged. I purposely avoided 
all instruments the large capacity of which would increase the 
time of discharge, and the leakage of which might be com- 
parable with or even exceed that of Fig. 1. 
the rods to be tested. 
The arrangement of leaves &c. 
is shown in fig. 1. A flat bmss 
hook, A, is fastened to a rod 
which can slide stiffly through the 
centre of the lid of a mahogany box 
Iined with tinfoil. From this is 
suspended the piece of glass or 
quartz, B, bent to the form shown, 
so that it. can be handled by the 
projecting end without touching 
the portion that acts as the insu- 
lator. On this hangs a piece of 
bent brass, C, to which the leaves, 
D, are attached. A small ring of 
wire is soldered to the uppor end of 
C, which is used when one insulator 
is changed for another as follows :- 
A stiff wire, E, passes tboilgh one 
side of the instrument, and this is 
pushed forward through the wire 
L 2  
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ring. A is Men depressed until the lower side of B hangs 
clear of the haok C. E is then drawn back with C and D 
suspended from it, Finally, when B is changed, E is pushed 
forward again, and A raised until the ring on C is just free 
from E, which is then withdrawn. By this means the leaves 
are always left at the same level. The leaves are 90 x 5 millim,, 
and the box, which has a glass front and back, is 285 millim. 
high x 130 millim. wide, and 185 millim. from front to back. 
The leaves are suspended so that the line of junction of C and 
D is 160 millim. above the base of the instrument. The 
length of the insulating portion of the quartz and glass hooks 
B is 21 milliin. and the diameter about 1 millim. The leaves 
were’~observed by fixing the object-glass of a telescope at  a 
distance of 393 inilliin., which projected an image of the 
leaves on a scale 1940 inillim. beyond the lens. Thus the 
observbd divergences were 11-93 times the true distances 
between the ends of the leaves. 
The results of the experiments can be seen from fig. 2 
(Plate 11.). The rate a t  which the leaves close is the same with 
lead-glass in air dried by sulphuric acid, with quartz in air 
dried by sulphuric acid, and with quartz in air kept moist by 
means of a large flat dish of water. Soda-glass in air dried 
by sulpliuric acid allowed the electricity to escape about 
eleven times as fast. With either kind of glass in moist air 
the charge escaped almost at  once, but soda-glass was much 
worse than lead-glass. The glass had in all cases been boiled 
in distilled water, a process which Warburg and Ihmori* have 
shown is necessary in order to make the glass insulate as well as 
possible. There is no appreciable difference between the rate a t  
which positive and negative electricity escapes from the leaves. 
The quartz insulator was then treated in various ways to  
see how well it is likely to retain its insulating power. It 
was boiled for five minutes in a weak .solution of potash and 
washed. I t  was boiled for the same time in a strong solution 
of potash and washed. I n  both cases it insulated as before. 
It was dipped for two minutes in melted potash and washed. 
In  moist air it insulated better than either soda or lead-glass, 
but not30 well as before treatment with potash. Boiling in 
strong hydrochloric acid did not restore the lost power. A 
* Wid.  Ann. xxvii. p. 481 (1886). 
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new hook was not aflected by boiling in strong hydrochloric 
acid, or by heating in a batswing gas-flame. 
Perhaps the most surprising result is obtained by dipping 
the quartz hook in water or ammonia, and immediately hang- 
ing on the leaves while the water is standing upon the hook 
in beads. Even so no difference is observed in its insulating- 
power. If it is dipped in a solution of potash this is not the 
case ; but of course the insulation is restored by washing. 
The perfect equality of the rate at which the charge escapes 
when the leaves are suspended from lead-glass in dry air, or 
quartz in dry or moist air, makes it probable that this loss 
of charge is not duo to leakage along the insulator, for i t  is 
very unlikely that, under these different circumstances, the 
loss should be exactly alike. It is more probable that the loss 
is due mainly to convection through the air. This is made 
certain by the following considerations, The same leaves, 
when hung by the same hook in,another box which was badly 
made and rough inside, lost their charge much more quickly, 
but, as before, at the same rate in the three cases. On the 
other hand the leaves, when suspended in the best instrument 
by a quartz fibre about ten times as long and one hundredth 
of the diameter of the piece B (that is, by one which would 
insulate a thousand times as well if the loss were due to surface 
creeping, or a hundred thousand times as well if it were due 
to actual conduction), lost their charge practically at  the same 
rate as before. 
Pieces of polished rock-crystal, such as are used as objects 
for the polariscope, also insulate well ; but they do not seem 
to be quite so free from the influence of moisture as the fused 
quartz. The same is true with regard to the natural faces 
and the fractured surface of the crystal. 
The electroniotive forces required to produce different direr- 
gences of the gold leaves were determined by an absolute 
electrometer, and the results are shown in fig. 1 (Plate 11.). 
It is probable that this valuable property of quartz, that it 
insulates perfectly in damp air, may be of use in the con- 
struction of electrostatic apparatus. The sulphuric acid now 
absolutely necessary in electrometers and instruments of that 
class is nothing short of a nuisance, If  the instrument is 
carried about there is the risk of destruction of the instrument 
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from the spilling of the acid. If the instrument is not moved, 
the acid, unless specially treated, may give off nitrous fumes 
which will corrode the surfaces of metal; or, if forgotten, 
it absorbs water and in time overflows, destroying the whole 
apparatus. Even if the air were saturated with moisture, rods 
of quartz mould insulate as well as the lead-glass at present 
used does in air dried by sulphuric acid. The needle should 
of course be suspended by a fibre of quartz, which is far 
aimpler to apply and adjust than the double line of silk, and 
superior also in other respects. 
I n  conclusion I must express my obligations to Mr. Briscoe, 
a student in the laboratory, whose skill in the manipulation 
of gold leaf and whose mggestions from tinie to time have 
been of the greatest service. I have with perfect confidence 
asked him to carry out the experiments described in this piper, 
and the results show that the confidence was not misplaced. 
XX I. W a t e r  - spray Injuence- Afaclhu?. 
By GEORGE FULLER*. 
THIS machine is for obtaining directly from a fd l  of water a 
supply of electricit>y of a high potential. It consists of four 
similar parts arranged symme- 
trically round a central ver- 
tical support, and each division 
has the following members. 
A nozzle, A, in connexion 
with a head of water by means 
of a pipe, a. 
A ring, B, of brass or copper 
wire placed vertically below A, 
and through which the water 
descends when the machine is 
in action. 
A vessel, C, placed below B 
to receive the water that has 
passed through the ring. 
A brass tube, E I?, between 
the ends of which the vessel C' 
can turn about D horizontal axis. 
e--- 
* Read May 26,1830. 
